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Identifying causal relations is the holy grail of biomedical research. For psychiatric diseases, the quest for "true" causal relations has been very challenging. While causality is a complex philosophical concept, the counterfactual theory of causality (CTC) seems an accepted foundation for causal reasoning in biomedical research. 1 As an example, under this theory, we assert a causal relation between taking medication A and remission from disease B in a patient P (the factual), if we can convince ourselves that had P not taken the medication, P would not have remitted from the disease (the counterfactual). The last part of this statement is said to be "counter factual," meaning that it is a condition that didn't actually happen. Because it is impossible for patient P to simultaneously take the medication and not take it, causation remains almost impossible to establish in a specific patient. Causation can only be approached, to variable degrees, using different research designs -the double-blind randomized controlled trial (RCT) being the gold standard. Under an RCT design, the experimental group plays the role of the factual (patients who take the medication), while the control group plays the role of the counterfactual (patients who do not take the medication). Importantly, the random allocation of participants to either group attempts to ensure that the two groups are as identical as possible in all irrelevant variables (e.g., age, sex, education), so the only major difference between the groups is their medication status (see Eichler and colleagues 1 for an in-depth discussion). Rather than an RCT design, the majority of studies investigating neurobiological correlates of psychiatric disorders use a case-control design, in which it is impossible to randomly allocate participants into the patient or control groups. In the absence of random allocation, it follows that control participants should ideally be identical to patients in all factors, other than the psychiatric disorder under investigation, that might affect the neural outcome being measured. However, an examination of the case-control design in actual practice indicates that we are often quite far from satisfying this criterion.
In this editorial, we examine some of the many factors that are likely to differ between controls and individuals with psychiatric diagnoses and that likely have effects on commonly measured neural outcomes. We conclude by pointing out how the lack of control for many of these confounding factors may influence our understanding of the neurobiology of psychiatric disorders.
Sex, age and medication
Given substantial evidence in the literature for effects of sex and age on brain structure and function, almost all studies investigating the neurobiology of psychiatric disorders in human populations will control for sex and age by matching or covarying. However, matching for mean age may not be adequate if the range is large. For example, in studies on youth with attention-deficit/hyperactivity disorder (ADHD), it may be problematic to include groups spanning an age range from the prepubertal stage to puberty, a period of life associated with important maturation in different domains, including brain structure and function.
Psychotropic medications have, of course, long been recognized as a potential confound in studies on the neurobiologic al correlates of psychiatric disorders because these agents are administered with the purpose of changing the course of the disorder and hence its neurobiological underpinnings. To obtain a snapshot of how medication effects are dealt with in studies on neural mechanisms of psychiatric disorders, we examined papers published in JPN in the last two years. Medication was addressed in a wide variety of ways. Some studies controlled for major medication effects in their analyses, while others were less comprehensive, performing separate analyses with a subset of patients taking the same medication or performing exploratory analyses of medication effects. Other studies recruited only patients who were all taking a similar class of medication. Although these approaches may take into account the major medication being used, they do not take into account the common use of polypharmacy or co-medication for adverse effects or for other ancillary problems (e.g., sleep difficulties, anxiety, nonpsychiatric conditions). To avoid the confound of medication effects, some studies were performed with medication-free patients; however, the "medication-free" period varied from study to study, was often rather short (e.g., 3 months) or was described as medication-free at the time of the study. None of the approaches mentioned above take into account the central nervous sytem (CNS) adaptations likely occurring in response to a changing spectrum of drugs that patients may have been taking over time. Clearly there are no regularly observed conventions on how to address medication effects, and how this is done may be affected by the circumstances of each study. An approach that completely avoids psychotropic medication effects is to investigate medication-naive individuals, but these populations are more difficult to recruit, and investigations are often limited to the very early course of the illness.
Effects of major classes of psychotropic medications (antipsychotics, lithium [Li] and mood stabilizers, antidepressants) on brain structure and function have been investigated to some extent. With regard to structure, in the case of Li and mood stabilizers, quite consistent evidence has emerged showing that these medications increase grey matter volumes of limbic structures, tending to normalize the opposing effects of bipolar disorder. 2, 3 In contrast, studies to date have not yet shown comparable consistent evidence for dose-and exposure-dependent effects of antipsychotics or antidepressants on brain structure. 2, 4 However, a recent meta-analysis has reported that greater exposure to antipsychotics is associated with decreased parietal lobe and increased basal ganglia volumes, although most of the individual studies did not detect significant associations and were not specifically designed to assess effects of the antipsychotics on brain structure. 5 This is an issue requiring further methodological refinement. The major classes of psychotropic medications clearly have effects on brain function, as assessed, for example, by functional MRI (fMRI). Consistent research findings are emerging showing effects of antidepressants to reduce limbic activity in response to negative stimuli, effects of mood stabilizers on prefrontal activation and effects of stimulants on attentional circuitry; brain network activation in response to antipsychotic treatment is also a current area of active investigation. [6] [7] [8] [9] Weight, metabolic factors and general health Most studies on the neurobiology of psychiatric disorders in clinical populations do not routinely match patients and controls for body weight or body mass index. Yet, heavier weight than that of the general population has been well documented in many populations with psychiatric diagnoses, including schizophrenia (even at very early stages of the disorder), bipolar disorder, major depressive disorder (both increases and decreases) and ADHD. [10] [11] [12] [13] [14] Obesity or overweight have been shown in a number of studies to be associated with reduced volumes of various brain structures and with poorer cognitive outcomes in healthy control individuals, 10, 15 suggesting that weight may be a confounding factor when assessing brain measures in many psychiatric populations. Obesity and even weight gain within the normal range are also associated with increased risk for metabolic abnormalities such as type 2 diabetes, 16 while type 2 diabetes is itself associated with poorer neuropsychological task performance and functional brain alterations in fMRI studies. 17 Interestingly, recent studies of adolescents with bipolar disorders or young adults at risk for psychosis have indicated that greater body mass index may have different effects on brain structure in these clinical groups than in controls. 11, 18 That individuals with psychiatric disorders suffer from poorer general health than the rest of the population is supported by several studies demonstrating a 10-to 25-year gap in life expectancy in individuals with psychiatric disorders. 19, 20 These studies indicate that patients die from increased incidences of cardiovascular diseases, cancers (especially lung cancer), chronic obstructive pulmonary disease (COPD) and infections such as influenza and pneumonia. Metabolic syndrome is also much more prevalent in several psychiatric populations, including those with schizophrenia or mood disorders. 21, 22 A recent meta-analysis indicates that up to one-third of patients with schizophrenia fulfill criteria for metabolic syndrome, 20 while metabolic syndrome has been associated with brain structural alterations such as changes in white matter integrity and, more recently, cortical thickness. 23, 24 The presence of a chronic inflammatory state that accompanies metabolic syndrome as well as higher incidence of infection, COPD and poorer dental health among individuals with some psychiatric disorders may provide important confounds in studies on inflammatory or immune mechanisms in the pathophysiology of the psychiatric disorder per se. Yet, while "medical conditions" are sometimes mentioned as an exclusion criterion in studies investigating neural mechanisms of psychiatric conditions, the precise conditions excluded are often quite limited and may not include many conditions (or recent histories of physical illness) that may impact brain function and biochemistry.
Lifestyle factors: sleep; physical activity; smoking; and alcohol, cannabis and other substance use
Here we discuss a few examples of some common lifestyle habits known to affect neural function and that may differ between psychiatric patients and controls. Sleep disturbances are very highly prevalent among many psychiatric populations. For example, the prevalence of sleep disturbances is estimated to be up to 80% in individuals with schizophrenia-spectrum disorders, 80% in those with major depression, 40%-90% during various phases of bipolar disorder, 80% in those with autism and 50%-75% in those with ADHD. [25] [26] [27] [28] More objective evidence of sleep alterations has been provided by recent meta-analyses of controlled polysomnographic studies documenting alterations in sleep characteristics in schizophrenia; major depression; and anxiety, eating, pervasive developmental, borderline personality and antisocial personality disorders. 29, 30 There is emerging evidence that sleep quality alone has measurable effects on brain structure and function in healthy humans. Poor sleep quality is reported to be associated with cortical atrophy and
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alterations in brain network activity modulating cognitive control and memory in both older and middle-aged adults and with executive dysfunction in adolescents. [31] [32] [33] Sleep has also been investigated as a modulator of CNS function in psychiatric populations. For example, both subjective and objective sleep measures have been reported to modulate dorsal anterior cingulate activity related to emotion regulation in individuals with anxiety and depressive disorders. 34 For some disorders, such as major depression and ADHD, sleep abnormalities have been hypothesized to be an intrinsic part of the disease pathophysiology; 35, 36 however, it is difficult to disentangle this from sleep disturbances due to factors other than the psychiatric disorder per se (e.g., anxiety, medications, substance use, medical conditions, lack of daily occupation, boredom). Nonetheless, sleep quality appears to be an important potential confounding factor in studying CNS alterations responsible for many psychiatric disorders.
Several recent meta-analyses have concluded that people with several major mental illnesses (e.g., major depression, bipolar disorder, schizophrenia and the ultra-high risk state) engage in significantly lower levels of general physical activity than do controls. [37] [38] [39] [40] Effects of physical activity on brain structure in healthy adults have been investigated mainly in older populations, showing that lower levels of physical activity are associated with decreased grey matter volume, especially in the hippocampus. [41] [42] [43] An association between objective physical activity and hippocampal volume has also recently been found in a large population consisting of adults with a greater age range, 40-69 years. 42 At a functional level, higher fitness or activity levels have also been associated with better cognitive and executive function and activation of brain regions involved in these processes. 44 Study of the effects of exercise on neurobiological measures in individuals with mental disorders, such as major depression, are only beginning to emerge. 45 However, physical activity appears to be another lifestyle factor that may influence CNS processes in individuals with psychiatric illness, whether it is considered either a confounding factor or a therapeutic modality.
The ingestion of various substances, such as cigarette smoke, alcohol, cannabis and substances of abuse are another category of lifestyle factors known to affect brain function. A previous editorial in this journal outlined how rates of cigarette smoking are markedly higher (2-5 times) among people with many psychiatric illnesses than the general population and discussed some of the research showing brain changes attributable to smoking. 46 Effects of regular use of cannabis, alcohol or other substances on human brain structure and function have been quite well described in the literature, 47, 48 while epidemiological studies indicate high rates of substance use among people with psychiatric illness. 49, 50 Although a history of substance use disorder (SUD) is fairly frequently (but not always) an exclusion criterion in studies on the neurobiology of psychiatric disorders, the issue of substance use likely remains a confound of concern. Detecting a history of substance use usually relies on self-report and recall, and may be liable to underreporting. Moreover, while a frank diagnosis of SUD may lead to exclusion, substance use patterns not warranting a diagnosis may have important effects on CNS parameters. For example, neuroimaging studies of binge or heavy episodic drinking in young adults (which may not be categorized as an SUD) have been reported to result in structural alterations in grey and white matter and altered fMRI responses to tasks of executive function.
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Psychosocial factors
Finally, some psychosocial factors may result from having a serious chronic illness and affect indivduals with psychiatric disorders more than controls. Such factors include lack of employment or educational opportunities, lack of a regular routine or meaningful activities, lack of social connection or support and the psychological repercussions resulting from these gaps. To discuss just one example of such psychosocial stressors, there is substantial evidence for an association between loneliness (perceived social isolation) and poorer mental health and for loneliness as a challenge among individuals with many mental disorders. 52, 53 Interestingly, there is emerging research on the neurobiology of loneliness indicating associations between loneliness scores and altered regional grey matter volumes and white matter densities 54, 55 as well as altered functional network activity in brain regions related to social connectedness and vigilance to social threat in lonely individuals. [56] [57] [58] It has been recognized that some individuals will turn to the Internet to alleviate loneliness or boredom, 59 and there is also significant evidence for effects of excessive Internet use on neurobiological parameters, especially as assessed by brain imaging. 60 While loneliness might be considered as both a consequence of and a contributor to poorer mental health, it serves as an interesting example of a psychosocial factor whose effects on neurobiology might interact with pathophysiological mechanisms inherent to the disorder.
Conclusion
When seeking causes for psychiatric disorders, the main object of investigation is the brain, which is both affected by the disorder and is in constant interaction with the environment and with the patients' perceptions of themselves and others. For the majority of psychiatric disorders, the literature provides clear evidence that, had the patients not been afflicted with the disorder under investigation (counterfactual), they would be less likely to be taking medications, to smoke, to be overweight and to consume drugs of abuse. They would also be more likely to be physically active, to be in good physical health, to have good sleep quality and to have regular occupations and supportive social circles. There is also strong evidence that these characteristics produce measurable brain effects on their own, regardless of the disorder under investigation. It follows, then, that these characteristics, and possibly many others, should be matched between patients and controls if we want to assert causal relations between diseases and specific neural outcome measures under investigation. Unfortunately, this is very hard to achieve. The capacity of big data to incorporate a large number of variables into analyses may make statistical control of the main confounders more feasible with time. However, this will still require careful and comprehensive experimental design and comes with a price (i.e., the need for much larger sample sizes and consequent difficulty in recruiting patients and controls). Another approach sometimes used in an attempt to match for lifestyle factors is the use of patient controls. However, this approach carries its own complexities (e.g., the choice of which patients to select as controls and which characteristics to match for).
With the advent of highly sensitive tools and techniques, we are now able to detect alterations in human brain structure and function in response to quite slight variations in internal and external cues and conditions. Given how numerous these conditions are, it raises the question of how large the signal-to-noise ratio might be for us to detect brain changes that are actually integral to the pathophysiology of a psychiatric disorder in question. At the very least, it might be useful to keep in mind that often our experiments with humans in all their complexity fall short of investigating the inherent neurobiology of a particular psychiatric disorder, but may provide a window on a combination of the neurobiology of a disorder plus its physical, psychological and social consequences. 
